Introduction
Asthma is a major health problem that affects 26 million individuals in the USA. Respiratory-related emergency department (ED) visits along with hospitalizations due to exacerbations impose significant health care resource utilization (HRU) burden among patients with asthma. 2, 3 The economic burden of asthma is large and is attributable to patients with poorly controlled disease, highlighting the importance of maintaining disease control and minimizing the frequency of exacerbations.
1, 4 Recent estimates suggest that the average cost per asthma-related hospital stay increased from $5,200 to $6,600 (2010 US dollars) 5 and for an outpatient (OP) ED visit averaged $1,502 (2008 US dollars). 6 In addition, costs due to ED visits and hospitalization disproportionately account for a major portion of the total health care costs of asthma. [4] [5] [6] [7] The treatment goals for asthma are primarily driven by patient-centered outcomes such as relieving symptoms, preventing disease progression and exacerbations, and optimizing health status and quality of life. 8, 9 Clinical practice guidelines for asthma emphasize the importance of using preventer/controllers with anti-inflammatory properties (e.g., inhaled corticosteroids [ICSs]) as first-line treatment in persistent asthma. 8, 9 Despite guidelines, many patients may use their preventer/controller inhalers intermittently and wait for asthma flare ups to seek medication prescriptions.
ProAir ® hydrofluoroalkane (HFA) (albuterol sulfate inhalation aerosol; Teva Pharmaceuticals, Inc., Frazer, PA) is a short-acting beta agonist (SABA) rescue/relief agent indicated for the treatment of bronchospasm with reversible obstructive airway disease and for the prevention of exercise-induced bronchospasm. 10 As a rescue/relief agent, albuterol sulfate inhalation aerosol is used to improve the symptoms of asthma while the preventer/controller agents are being titrated. 11, 12 Accurate tracking of the administered dose is, therefore, critically important for optimal asthma control and for potentially reducing the rates of unscheduled health care utilization, and thus the cost of care, in patients with asthma. [13] [14] [15] [16] The advent of "integrated dose counters" (IDCs) led to a logistical shift in the effective management of patients with asthma. [17] [18] [19] [20] [21] IDCs may add value as they monitor rescue inhaler use; yet, they are not a standard feature across all rescue inhalers. IDCs indicate the number of actuations remaining in the canister, allowing patients to determine the number of doses available. The use of IDCs may contribute to improvements in the control of respiratory disease and respiratory-related health care utilization and costs. Results from a real-world study demonstrated reduced incidence of respiratory-related ED visits in patients using rescue inhalers with IDC compared to those with no dose counter on their inhalers. 22 However, there is paucity of data on the realworld impact of ProAir HFA equipped with dose counters on HRU among patients with asthma. Therefore, this study was conducted to evaluate health care resource use including hospitalizations, ED visits, and OP visits for lower respiratory tract infection (LRTI) among users of ProAir HFA with IDC compared to without IDC in patients with asthma.
Methods

Data source
A retrospective, observational study was conducted using patient-level administrative claims data from the Truven Health MarketScan ® Commercial Claims and Encounters, and Medicare Supplemental and Coordinated Benefits Databases. The Commercial and Medicare Supplemental Databases contain administrative claims data for over 35 million covered lives (in 2013 alone) from ~150 large employers and health plans across the USA. Data included medical claims for health care services performed in both the inpatient and OP settings along with enrollment data including member demographic information, eligibility, and benefits data. The medical claims files included service dates, provider reimbursement amounts, patient copayment, and deductible amounts. Data are fully compliant with the Health Insurance Portability and Accountability Act of 1996, and because this study did not involve the collection, use, or transmittal of individually identifiable data, Institutional Review Board review or approval was not required. 22, 493 .81) between January 1, 2011 through July 31, 2014, were included in the study. The date of the first ProAir HFA prescription was the index date. Patients having continuous enrollment with medical and prescription drug benefits for 6 months pre-and post-index (including the index date) period were included in the analysis, and patients with a ProAir HFA prescription in the 6 months pre-index period were not included in the results time frame. In addition, patients having a prescription for other brands of albuterol or SABAs during the pre-and post-index period were excluded. The index date was defined as the date of the first prescription fill for either ProAir HFA without IDC between January 1, 2011, and December 31, 2012 (a 2-year period "without IDC"), or for ProAir HFA with IDC between July 1, 2013 and July 31, 2014 (a 1-year period "with IDC"). The period from January 1, 2013 to June 30, 2013 (as IDC use was implemented for ProAir HFA) was not examined, because it was a time period when ProAir HFA was transitioning from not having an IDC to having an IDC. Therefore, patients included in the study utilized ProAir HFA (one or more prescriptions) during the 6-month post-index period.
Patient selection and study period
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Study covariates
Patient demographic characteristics including age, gender, geographic location (US census division), population density (urban/rural), and type of health plan insurance were recorded on the index date. Clinical characteristics, including the comorbid conditions (based on the presence of ICD-9-CM diagnosis and procedure codes) and levels of utilization of oral/injectable corticosteroids and other asthma medications (based on Healthcare Common Procedure Coding System codes and National Drug Codes), were measured during the 6-month pre-admission period. In addition, the number and duration of inpatient hospitalizations and ED visits were examined.
Outcome measures
Data on HRU, mainly respiratory-related hospitalizations and ED visits, were collected during the follow-up period. Hospitalizations were defined as respiratory-related if there was a claim with at least one of the following ICD-9-CM codes in the primary or secondary positions: 464, 466, 476, 480-488, 490-496, 500-508, or 510-519. The mean number and proportion of patients with hospital stays or ED visits, and the average number and percent of patients with OP visits for LRTI treated with antibiotics were determined. In addition, the mean number and proportion of patients with more than one albuterol inhalation aerosol prescription during the follow-up period were recorded.
Statistical analysis
Descriptive statistics were used to test differences in demographic and clinical characteristics, as well as the health care utilization outcomes between users of albuterol inhalation aerosol with and without IDC, stratified by age. The means and standard deviations were reported for the continuous variables, and the counts and percentages were reported for the dichotomous or categorical variables. Chi-squared tests were used to evaluate the statistical significance of differences for dichotomous or categorical variables; Student's t-tests or Wilcoxon rank sum tests were used for comparison of continuous variables. An a priori p<0.05 was set as the threshold for statistical significance.
Multivariate generalized linear models (GLMs) and logistic regressions were used to control for potential confounding bias due to differences in pre-index patient demographics, clinical characteristics, and concomitant medications. GLMs with logit link and binomial error distribution were used to obtain the adjusted odds of post-index respiratory-related hospitalizations and ED visits among patients using albuterol inhalation aerosol with and without IDC. Mean number of hospitalizations and ED visits was modeled using a GLM with log link and a negative binomial error distribution. , and other medications), and pre-index all-cause health care costs. All analyses were conducted using SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA).
Results
Study population
A total of 422,548 patients with asthma were included in the analysis. Of these, 135,305 (32%) patients used albuterol inhalation aerosol with IDC, and 287,243 (68%) patients received albuterol inhalation aerosol without IDC (Figure 1 ).
Patient characteristics
Baseline demographic and clinical characteristics stratified by cohorts and age are presented in Table 1 . The mean age (32.9 vs 32.5 years) and the proportion of female patients (57.3% vs 57.9%) were similar across both cohorts. Females made up the majority in both cohorts with an exception of those in the ≤17 years subcohorts. The presence of rhinitis, gastroesophageal reflux disease (GERD), and eczema was modestly higher among the cohort with IDC compared to the cohort without IDC (all p< 0.05). In general, baseline markers of asthma treatment were higher and all-cause hospitalizations and ED visits were lower in patients in the albuterol inhalation aerosol with IDC cohort compared to those in the cohort without IDC.
Overall, both cohorts contained an asthma population with a higher level of severity: 17.5%-20.5% of patients needed oral or injectable corticosteroids, 14.7%-15.4% had ED visits, and 3.1%-3.3% had hospitalizations in the preindex 6 months even though they had not filled albuterol pre-index prescriptions. Only 28.2%-33.5% of patients were using maintenance ICS in any form (12.5%-14.7% were on LABAs with ICS) at baseline.
The proportion of patients in the albuterol inhalation aerosol cohort without IDC who were not receiving any asthma medications at baseline was higher than for the cohort with IDC (66.5% vs 59.8%; p<0.05). Patients in the IDC cohort had higher baseline use of oral or injectable corticosteroids (20.5% vs 17.5%), ICS (33.5% vs 28.2%), LABAs (14.7% vs 12.5%), LAMAs (0.4% vs 0.3%), and other respiratory medications (16.1% vs 12.3%) (all p<0.05). Table 2 summarizes the unadjusted health care utilization of study patients by treatment and age. The proportion of patients experiencing respiratory-related hospitalizations (2.1% vs 2.3%), ED visits (7.1% vs 8%), and LRTI-related OP visits treated with antibiotics (13.3% vs 13.7%) was significantly lower among patients using albuterol inhalation aerosol with IDC relative to the cohort without IDC. In addition, mean total numbers of respiratory-related hospitalizations and ED visits were significantly lower for the albuterol inhalation aerosol with IDC cohort compared to the cohort without IDC (all p<0.05) ( Table 2) . Those with IDC also had a higher proportion of patients refill their albuterol prescription versus the cohort without IDC (35% vs 31.1%; p<0.05). These differences in health care utilization were generally seen across all age groups: ≤17, 18-39, and 40+ (Table 2) .
Health care utilization
After adjusting for baseline confounding factors (preindex patient demographics, clinical characteristics, and concomitant medications), the odds ratio (OR) for experiencing a respiratory-related hospitalization (OR=0.92; 95% confidence interval [CI] 0.88-0.96) or ED visit (OR=0.92; 95% CI 0.90-0.94) was significantly lower among patients using albuterol inhalation aerosol with IDC compared to those without IDC (Table 3) . Similarly, the adjusted mean total numbers of respiratory-related hospitalizations and ED visits were significantly lower (p<0.05) among the cohort with IDC than 
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Effect of albuterol inhalation aerosol with IDC vs without IDC in patients with asthma the cohort without IDC (Figure 2 ). Other factors potentially leading to higher risk of hospitalizations (significant relative risk over 1.2) included older age groups (18-39 or 40+ vs <18 years), female gender, presence of ischemic heart disease, or other respiratory disease. For ED visits, the other primary risk factor was lack of asthma therapy. Potential protective factors (significant relative risks below 0.9) included presence of rhinitis (for hospitalizations and ED visits), eczema (for hospitalizations), ICS (for hospitalizations) or LABAs with ICS (for ED visits), LAMAs (for ED visits), and other respiratory medication use (for hospitalizations).
Discussion
This study is the largest retrospective analysis to assess real-world respiratory-related health care utilization in asthma patients (N=422,548) indexed to albuterol sulfate inhalation aerosol with IDC compared to similar patients who received albuterol sulfate inhalation aerosol without IDC during a previous time period in the USA. The results of this analysis demonstrate that respiratory-related ED visits and hospitalizations were both ~8% lower in association with IDC after controlling for baseline characteristics. The mean numbers of total ED visits and total hospitalizations 
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were also reduced significantly (p<0.05) in IDC users after controlling for potential confounders. Baseline markers of asthma treatment were higher and all-cause hospitalizations and ED visits were lower in the IDC group. These findings likely represent differences in the two unique patient populations with respect to asthma severity and may also suggest that asthma care strategies may have changed from 2011-2012 to the later 2013-2014 period when patients received an albuterol inhalation aerosol prescription at the index date. In addition, it is important to note that the USA implemented the Affordable Care Act, which increased access for ~8 million patients beginning January 2014, which may have impacted these rates. Assessment of the patients' therapeutic profiles at baseline suggests that many selected patients may have had seasonal asthma or asthma triggered by infection as their predominant disease state. Similar results were seen when patients in each treatment cohort were stratified by age, with patients using albuterol inhalation aerosol with IDC having significantly lower rates and mean numbers of hospitalizations and ED visits compared to their non-IDC counterparts. Consistent with our findings, a historical cohort study of 75,787 patients with asthma aged 4-64 years (53,964 using albuterol with a dose counter and 21,823 using albuterol without a dose counter) by Price et al demonstrated that patients using an inhaler with a dose counter had a 51% lower incidence of respiratory-related ED visits (adjusted rate ratio: 0.49; 95% CI 0.41-0.59). 22 The authors speculated that the albuterol dose counters may have enabled patients to determine when their rescue medication was empty, and/or when additional controller adherence was needed, thus preventing them from using an empty inhaler during an asthma exacerbation. 22 The addition of a dose counter can help to reduce ED visits, thereby reducing health care costs associated with asthma.
When using SABA metered-dose inhalers (MDIs) without IDCs, it may be difficult for the patient to gauge increasing use of rescue/relief medication as a sign of worsening asthma control, or to determine the remaining number of effective doses of rescue/relief medication. 13, 20, 23 This study was not designed to determine whether the utilization benefit of rescue/relief inhaled delivery devices tagged to an effective IDC is the result of increased patient insight into disease status (i.e., an early warning regarding impending loss of control), increased awareness of drug content (i.e., impending empty SABA inhaler), or both. Several study findings suggest, however, that the ability of an IDC to optimize controller therapy by targeting patients with increasing SABA use is at least a partial factor in the utilization benefit. These results include: 1) the finding at baseline of relatively low usage rates of ICS controller therapy (28.2%-33.5%) coupled with relatively high levels of acuity (14.7%-15.4% having ED visits); 2) the finding of "no asthma therapy" as a primary risk factor for ED visits; and 3) the finding that the use of an ICS controller is a potential protective factor for hospitalizations.
The small but significant utilization reduction associated with an IDC in this study should be understood in the context of the potentially low penetrance of IDC engagement by patients and providers in the "real-world" setting. For example, in a phone survey, only 36% of bronchodilator users reported ever having been told to keep track of MDI doses. 14 In the future, newer technologies may improve patient engagement with their asthma therapy, and gains in disease management may be possible if data for rescue dosing are better integrated into practice. In a recent study, telemonitoring of SABA use via a patient-facing smartphone application, with dose reporting to providers, was associated with decreased use of rescue medication and improved asthma control among those adults initially lacking asthma control. 24 There are some aspects of the retrospective analysis design that may impact the study results. This study analyzed asthma patients newly treated with albuterol inhalation aerosol who had not received any other SABAs in the pre-index period; these criteria may have resulted in the selection of an intermittent, poorly adherent, or seasonally exacerbating asthma population. In addition, dose counters have become more commonly used in recent years. Baseline data showed somewhat increased use of asthma controllers (ICS, LABAs, and LAMAs) in the later 2013-2014 period compared to the earlier 2011-2012 cohort of patients, which may have reflected a national incentive for enhanced quality of care, as the Affordable Care Act, with widespread use of electronic medical records, and health quality tracking became 
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implemented during late 2013 and 2014. The inconsistent use of asthma medications, with only 28%-34% of patients utilizing ICS, may have influenced ED and hospitalization rates. Baseline medications were included in the multivariate models; therefore, the confounding effects of these variables were controlled in the analysis. Future prospective studies could evaluate patients enrolled at a single point in time and randomly assign patients to albuterol with or without IDC to prospectively monitor outcomes occurring over concurrent time frames.
There are a few additional limitations of this study. The MarketScan databases rely on administrative claims data for clinical detail; therefore, the data may be subject to data coding limitations and data entry error. This analysis was conducted over a relatively short follow-up time frame (e.g., 6 months post-index), and hospitalizations and ED visits in general are a relatively rare outcome. More pronounced results may be seen with longer follow-up. Finally, this study was limited to asthma patients who utilized health care services and continuously enrolled with commercial or private Medicare supplemental coverage, thereby limiting the generalizability of the findings to all asthma patients, especially those with other insurance or without health insurance coverage. The methodology of this study is not able to identify the degree to which the improvements seen reflect general improvements in health care delivery for asthma during 2011-2014 or the extent to which the use of an IDC device contributed to a reduction in health care utilization.
Notable strengths of this analysis include the fact that a very large patient population drawn from administrative claims data across the USA was evaluated. In addition, this study provides real-world data on respiratory-related health care utilization (hospitalizations, ED visits, and LRTI-related OP visits) among asthma patients indexed to albuterol inhalation aerosol with or without IDC in a geographically diverse population.
Conclusion
In a real-world setting during 2013-2014, patients with asthma using albuterol sulfate inhalation aerosol with IDC experienced significantly fewer hospitalizations and ED visits compared to a cohort of patients using albuterol inhalation aerosol without IDC in 2011-2012. Dosage information provided by IDCs may improve treatment outcomes by decreasing the likelihood that the canister will be empty when needed, thereby enhancing disease management and reducing health care utilization, specifically respiratory-related hospitalizations and ED visits. 3, 13, [15] [16] [17] Therefore, IDCs may be of value for long-term health care cost savings, which is in line with key national health policy objectives. Long-term studies in patients with all levels of asthma severity are warranted to validate the findings of this study.
